Three types of cattle (Angus x Hereford yearling steers, Charolais x British breed steer calves and Hereford heifer calves) were evaluated for their response to different feeding systems utilizing high moisture corn, corn silage and soybean meal as major feed ingredients, Feeding systems for steers included: A = 85% concentrate; B = 40% concentrate; C = two phase, with switch from all corn silage to 85% concentrate in the middle of the feeding period; D --same as C except switch occurred late in the feeding period; E = all corn silage continuously. Heifer diets consisted of the following ratios of corn silage to concentrate: low energy = 89:11; medium energy = 67: 33 ; and high energy = 100 fed at a moderate (10.9% for low energy and medium energy, and 11.7% for high energy) and high (13.8%) crude protein level. Treatments within each experiment were terminated at approximately the same final weight. Increasing percentage corn added to the total diet increased ADG in most comparisons. Adjusted to a constant carcass weight, increasing dietary energy increased fat thickness and reduced percentage retail product with no effect on quality grade in yearling steers and heifer calves. In Charolais cross-steer calves, increasing energy level increased quality grade with no effect on yield grade or percentage retail product. Energetic efficiency slightly favored system C in yearling steers while steer calves maximized efficiency on A. Hereford heifers were the most energetically efficient on medium energy diets.
Introduction
Obtaining desirable carcass grades is of considerable economic importance to cattle feeders. The influence of diet energy level and feeding system on carcass quality and yield grades and total fatness has not been clearly defined. Data of Riley (1969) , Topel et al. (1973) and Guenther et al. (1965) suggest that diet energy level has no influence on carcass characteristics. Recent studies, however, have suggested that carcass composition is related to diet energy level (Young and Kauffman, 1978; Smith et al., 1977; Prior et al., 1977; Ferrell et al., 1978; Crickenberger et al., 1978) .
The interaction between feeding system and age, sex and mature type has not been elucidated. Klosterman and Parker (1976) observed that there were definite interactions among types of cattle and feeding systems; their data suggest that lower energy diets or deferred systems are best utilized by early maturing types. Crickenberger et al. (1978) , however, did not find any consistent interaction between feeding system and cattle type.
The objective of these experiments was to evaluate the influence ot diet energy level and feeding system on energetic efficiency and carcass composition when the normal extremes in feedlot diets were fed, to steer and heifer calves and yearling steers. Supp.D January 14, 1976 and were completed the following spring and summer. Animals were blocked by weight and assigned to identical feeding systems in each trial (20 head per pen in trial 1 and 16 head per pen in trial 2) composed of the following: A = 85% concentrates, 15% corn silage; B = 40% concentrates, 60% corn silage; C = all corn silage, then switched to 85% concentrates, 15% corn silage when approximately one-half of the expected feedlot gain was reached; D = all corn silage, then switched to 85% concentrates, 15% corn silage when approximately two-thirds of the expected feedlot gain was reached; E = all corn silage continuously. These systems are shown graphically in figure 1. Initial and final weights were taken after 15 hr without feed and water; weights were taken during the experiment every 28 days after 16 hr off water.
Cattle receiving the 85% concentrate diets were started at 30% concentrate and then concentrate was increased 5% each day. All diets were fed ad libitum and were properly supplemented for protein, minerals and vitamins according to the system outlined by . This system is based upon a declining need for protein by the animal as it increases in weight. Thus, diet crude protein levels were not held constant for the entire feeding period but were adjusted each time the animals gained 45.5 kilograms. Soybean meal was used to provide supplemental protein, and monensin was not fed. Diet ingredients and approximate compositions are shown in table 1.
All cattle were implanted initially with Synovex-S and were subsequently reimplanted after 112 days if fed longer than an additional 60 days to comply with withdrawal requirements. Cattle were fed once daily in open dirt lots with no windbreak or shelter. Dirt mounds were provided which were bedded during adverse weather.
The experiments were terminated and the cattle were slaughtered when the fattest pen of cattle was estimated to be 80% Choice in quality grade. The remaining cattle were slaughl~ered when they reached approximately the same weight. Carcasses were chilled for 24 bEnsiled, whole kernel high moisture corn. 70% DM.
CValues are averaged for the entire feeding period since supplements were not fed at a constant rate. Different supplements were formulated for each ration and contained the following ingredients in varying amounts: soybean meal Crouse and Dikeman (1976) .
Average daily gain (ADG) was based on final live weight calculated by dividing the hot carcass weight by the mean dressing percentage for each trial . Dry matter (DM) consumption was adjusted using correction factors of 1.068 for corn silage and 1.03 for high moisture corn (Fox and Fenderson, 1978) . Carcass data were adjusted to the mean hot carcass weight by use of this weight as a covariate. Performance and carcass characteristics were analyzed by least-squares regression analysis (Snedecor and Cochran, 1967) . The model included percentage corn added as the independent variable.
Trial 3. One-hundred and twenty Hereford heifers weighing 190 kg were the experimental animals in trial 3, which was initiated November 22, 1976 and completed the following spring and summer. A 3 • 2 factorial arrangement of dietary treatments was used (20 heifers/pen) with the following ratios of corn silage to concentrate: low energy = 89:11; medium energy = 67:33; and high energy = 100:0. Two crude protein levels were fed at each energy level and were designated as moderate (11%) and high (13.5%). However, because of variation in feedstuffs, actual crude protein values determined by laboratory analysis were: moderate (10.9% for low energy and medium energy and 11.7% for high energy) and high (13.7% for low energy, 14.0% for medium energy and 13.8% for high energy).
Cattle receiving 100% concentrate were started on 30% concentrate, 70% corn silage, and concentrate was then increased by 5% each day for 10 days, then every other day until 100% concentrate was reached. All pens received monensin supplemented at a level of 33 ppm in the diet DM. Diet ingredients and approximate composition are shown in table 2.
Management procedures and lots were the same as those used in trials 1 and 2, except that Ralgro was used as the implant. The experiment was terminated with carcass data collected as in trials 1 and 2.
Initially, six cattle were selected at random to determine body composition. Soft tissue from the 9-10-11th rib portion was analyzed for fat and protein, which was then used to predict carcass composition by the equations of Hankins and Howe (1946) . At the termination of the experiment, body composition was determined by the specific gravity technique of Kraybill et al. (1952) . Carcass fat and protein percentages were then calculated with equations developed by Garrett and Hinman (1969) . Net energy values of each diet were determined blnitial weight on experiment taken after 16 hr without feed and water.
Clntermediate weights taken after 16 hr without water only and adjusted to normal shrunk weight (98% of actual weight).
dFinal weight = hot carcass weight/.5994 X 100. eDry matter of corn silage and high moisture corn was adjusted using the correction factors determined by Fox and Fenderson (1978) to account for errors in oven drying procedures. Corn silage = 1.068; HM Corn = 1.03.
fFigures represent the average percentage corn added during the entire feeding period and are expressed on a DM basis.
with the equations of Lofgreen and Garrett (1968) . Net energy calculations were based on NRC metabolizable energy values, and DM intake was not adjusted for errors in oven-drying procedures.
ADG, DM consumption and carcass data were adjusted as in trials 1 and 2. Least-squares regression analysis (Snedecor and Cochran, 1967) was used to examine interactions and the main effects of energy level and protein level on performance and carcass characteristics.
Results and Discussion
Feedlot Performance. Performance of the yearling steers in trial 1 is given in table 3. Percentage corn added in the total diet influenced ADG (P<.005), as would be expected. In studying performance, it is interesting to note that during Phase I, ADG for 85% concentrate and 40% concentrate was equal, but in Phase II those on 85% concentrate gained considerably faster and more efficiently than those on 40% concentrate. Furthermore, Phase II performance of Mid-Switch and Late-Switch cattle was nearly the same as that of the 40% concentrate group. Those yearlings fed all silage continuously had reduced performance during the last portion of the feeding period. Table 4 shows the performance of the calves fed each of the five systems in trial 2. Increasing the percentage corn added to the total diet increased ADG (P<.005); however, the difference in gains between the 85% concentrate and all corn silage diets was not as great as in the yearlings. One possible explanation is that the all silage fed cattle were 25% Choice in quality grade while the cattle on other diets were 50 to 87% Choice. Had the all silage cattle been fed blnitial weight on experiment taken after 16 hr without feed and water.
dFinal weight = hot carcass weight/.632 • 100. eDry matter of corn silage and high moisture corn was adjusted using the correction factors determined by Fox and Fenderson (1978) to account for errors in oven drying procedures. Corn silage = 1.068; HM Corn = 1.03.
to the same degree of finish, differences in gain and feed conversion would probably have increased. Steer calves switched to an 85% concentrate diet for the last 79 days (Late-Switch system) performed more poorly than expected. Thus, in both trials those switched to high concentrate diets for only a short time before slaughter did not perform as well as expected on the high concentrate diet.
Woody et al. (1978) observed that steers fed all corn silage during the growing phase and switched to a high concentrate finishing diet had similar gains but improved in feed efficiency 6.5% when compared to steers fed silage plus a constant amount of added grain throughout the entire feeding period. Comparable results were obtained by Dexheimer et al. (1971) . Similar comparisons can be made in trials 1 and 2. In figures 2 and 3 ADG and feed efficiency of each system are plotted against percentage corn added to the total diet. In trial 1, the continuous 40% concentrate system gave faster and more efficient gains for the amount of corn received than either the mid-switch or late-switch systems, but only minimal differences in feed efficiency relative to the percentage of total corn added to each diet. These results do not agree with those of Woody et al. (1978) , but this observation could be related to the differences in environment. The cattle of Woody et al. (1978) , were fed in an open-front confinement barn, while these cattle were fed in outside lots. In these trials, the all silage phase was fed during severe winter. The expected higher heat increment of the added grain diet during the winter months may have offset any associative effects that would favor the twophase system. Performance of the heifers in trial 3 is summarized in table 5. ADG improved with increasing corn in diet at both the moderate and high protein levels (P<.005). However, the difference in performance between medium and high energy was not as great as anticipated, due primarily to a reduction in DM intake.
The response in performance to additional protein above 11% CP was minor at all three energy levels. This limited response was evident early in the feeding period as well as in the final summary. Three possible explanations exist: 1) The winter of 1976--77 included some periods of severe cold during which ADG was reduced, and, thus, daily protein requirements were also reduced (Ames, 1976) . 2) Cattle in this trial were fed monensin, which has recently been suggested to have a "protein sparing" effect (Byers and Moffitt, 1977; Gates et al., 1977; Gill et al. 1977; Hanson and Klopfenstein, 1977) . 3) The initial body composition of these heifers revealed a carcass fat content of 22%, equivalent of that of 386-kg steer . For a steer of this size, NRC recomments a CP level of 10.8%, which agrees very well with the results of trial 3.
This series of experiments demonstrates the effect of diet on dressing percentage. Steers fed high silage averaged 1.6 percentage units lower in dressing percentage than those fed high grain. In heifers, the difference was .8%. Final live weight was adjusted to the mean dressing percentage for all treatments within each trial to remove this bias. Without this adjustment, performance of those cattle fed high silage would be inflated because of a greater fill.
Carcass Cbaracteristics. In order to determine the effect of diet on carcass composition at an equal weight, all cattle within a trial were slaughtered at an approximately constant weight. Carcass traits were further adjusted to the mean hot carcass weight within each trial. Carcass characteristics for trials 1 and 2 are presented in table 6. In yearling steers, energy level had little effect on marbling score or quality grade. Increasing energy level did, however, result in increased fat thickness and lower ribeye area and percentage retail product.
Energy level also had an effect on carcass characteristics in trial 2, although the pattern was somewhat different. Cattle fed a 40% concentrate diet continuously had higher marbling scores and quality grades while those fed all silage had lower marbling scores and quality grades when compared at equal weights. CFinal weight = hot carcass weight/.598 • 100.
dDry matter of corn silage and high moisture corn was adjusted using the correction factors determined by Fox and Fenderson (1978) to account for errors in oven-drying procedures. Corn silage = 1.068; HMC = 1.03. eBased on specific gravity calculations using 10 heifers per pen. aAll traits adjusted to a constant hot carcass weight of 312 kilograms.
bAll traits adjusted to a constant hot carcass weight of 342 kilograms. c9 = slight+; 10 = small-; 11 = small ~ d8 = Good ~ ; 9 = Good+; 10 = Choice-.
eFat thickness adjusted by USDA grader. b9 = slight+; 10 = small-; 11 = small ~ . c8 = Good ~ ; 9 = Good+; 10 = Choice-.
dFat thickness adjusted by UDSA grader.
eNo main effects were tested since there was a highly significant interaction (P<.05).
fFor determination of percentage retail product see table 6. gDetermined using specific gravity techniques. Diet energy level approached significance (P=.10) for adjusted fat thickness while no effect of energy could be seen on ribeye area, yield grade or percentage retail product.
Carcass characteristics for trial 3 are presented in table 7. In all parameters measured, protein level had no significant effect on carcass traits. Much of the variation between treatments was due to energy level. Increasing energy level increased backfat while decreasing the percentage retail product. No effect of energy level was observed on marbling score or quality grade.
To summarize the effect of energy level on carcass characteristics, figure 4 shows regression lines for quality grade and percentage retail product in each trial. The results of trials 1 and 3 agree well with other Michigan studies in which, at constant weights, high grain fed cattle had fatter, low-yielding carcasses with no effect of energy level on carcass quality (Crickenberger et al., 1978) .
Similar conclusions have been reached by other researchers (Young and Kauffman, 1978; Prior et al., 1977; Smith et al., 1977; Ferrell et aL, 1978 , Utley et al., 1975 .
Energy Efficiency. Energetic efficiency was calculated as metabolizable energy (ME) consumed per kilogram of retail product gain (table 8) . In trial 1, differences in energetic efficiency were small, although the Mid-Switch (NRC, 1976) . ME intake was not adjusted for errors in dry matter determination. program tended to be more efficient than the others. Trial 2 steer calves were more efficient in converting metabolizable energy to retail product than yearling steers in trial 1. This observation undoubtedly reflects the higher maintenance and gain requirements of yearling steers since their average weight during the experiment was greater than the steer calves. Comparisons of energetic efficiency between feeding systems fed to steer calves favor high grain or high silage systems. There were no clear trends in differences in energetic efficiency among the other three systems.
The heifer calves in trial 3 were less efficient CValues were calculated using the comparative slaughter technique in conjunction with NRC (1976) ME values. ME intake was not adjusted for errors in dry matter determination. added to the diet, one would expect NEg values of 67% silage diets to be somewhat lower than those of NRC because of the low NEg value of the high corn diet. However, this clearly was not the case. In fact, when 33% corn grain was added to the silage, the NEg values of the diets actually improved 4% over NRC and 6% over what one would have expected based on the NEg values of the silage and corn grain when each was fed alone (figure 5). The cattle fed the mixture of the two feeds were more efficient in utilization of the energy than the cattle fed each feed separately. This relationship differs with the studies of Byers et al. (1975a, b) who observed that NEm and NEg values were depressed 4 to 15% below the predicted values when corn and corn silage were fed in combination, indicating marked feed interaction.
than steer calves in their utilization of energy from high concentrate diets, but were equal or superior in their utilization of high silage diets. Those cattle fed medium energy diets were the least efficient (P<.075). These conclusions differ with those of Harpster et al. (1978) , who observed that efficiency of ME use for production of edible beef was not influenced by diet energy level. Likewise, Smith et al. (1977) concluded that Mcal of metabolizable energy per kilogram gain did not differ among diets varying in energy density. However, Prior et al. (1977) reported that in small type cattle a more efficient utilization of energy for production of carcass retail product was obtained with a low energy diet, while large type cattle showed only very small differences in efficiency among diets. Furthermore, Klosterman and Parker (1976) concluded that lower energy diets were best utilized by early maturing types (such as those utilized in trial 3) which consume more feed per unit of weight. Diet Net Energy Values. In trial 3, net energy values for each diet were calculated; they are presented in table 9 along with net energy values published by NRC (1976) . Observed net energy for maintenance values for low energy and medium energy diets compare vary closely with those of NRC. However, high energy diet values were 5% lower than those of NRC.
Net energy for gain (NEg) values for 100% silage diets agree very closely with those of NRC. NEg values of 100% concentrate diets averaged 12% below those of NRC. If energy utilization increased linearly as more grain was
